Summary Simultaneous lengthening of the femur and tibia can be effectively and safely accomplished. However, the following issues must be kept in perspective: ( 1) patient selection is essential, and ( 2) meticulous attention to detail in all aspects of the operative procedure is vital The advantages of performing such an ambitious operation include: ( 1) reduced morbidity, ( 2) reduced number of operations (not procedures), and ( 3) more rapid recovery when compared to performing the operations sequentially. This kind of program should be carried out only by those experienced in the limb lengthening procedure.
Mechanical lengthening of one or more of the long bones of the lower limb has become an established method of equalizing limb lengths Dramatic changes in the concepts and in the techniques of lengthening the lower limb have evolved since Codivilla performed the first recorded procedure on a femur in 1904 l 4 l Subsequently, the issue of achieving equalization by lengthening has been characterized by alternating periods of enthusiasm and discouragement As the final results and complications have been evaluated, the invaluable and innovative contributions of Abbott l 1 l, Anderson l 2 l, Cauchoix l 3 l, Kawamura l 1 l, D'Aubigne l 6 l, and Wagner l 8 l, have demonstrated that bone lengthening is a practical method of correcting lower limb length inequalities in carefully selected situations As a result, greater acceptance for this operation has been established The major concerns now have to do, not so much with the technology, but more with the indications, and with assessing the determinants that govern the decision to perform lengthening The important factors in decision making have been presented elsewhere in considerable detail l 5 l.
A major issue in patients with substantial lower limb length inequality, either existing or projected to exist at maturity, is the contemplation that in order to achieve satisfactory equalization both the tibia and the ipsilateral femur may ultimately have to be lengthened If tibial and femoral lengthening are done sequentially, prolonged disability often exceeds 1 or 2 years However, if these procedures are done simultaneously, the duration of morbidity is greatly reduced This means that: ( 1) the number of operations (not procedures) is essentially reduced by one and one half; ( 2) hospitalization is reduced by a similar degree; and ( 3) the time of disability and crutch use is likewise greatly reduced The concerns of simultaneous lengthening of the tibia and femur include the safety, effectiveness, and ultimate functional success of such a seemingly aggressive operation.
Simultaneous femoral and tibial lengthening has been shown by Wagner to be a safe and practical method of correcting actual or projected discrepancies of at least 10 cm in critically selected cases (personal communication 1978) He has demonstrated that the neurovascular structures can safely be elongated by up to 10 cm or more over 1 month if the lengthening is done gradually, The major concern is not so much that the neurovascular units are at risk because of lengthening, as that the musculotendinous units may resist elongation He has further emphas-ized that hip stability and knee and ankle motion must be given greater concern Wagner has appropriately admonished that "joint range of motion should never be sacrificed for gain in length "
Having witnessed successful simultaneous lengthening of the tibia and femur performed by Wagner, I performed this operation in four patients, two of whom have been followed up long enough for a preliminary end result to be established The purpose of this report is fourfold: ( 1) to identify the indications; ( 2) to emphasize the details of the technique that may determine success or failure; ( 3) to discuss the problems and complications; and ( 4) to place the operation into perspective Two illustrative cases will be presented.
Indications
Any child who has a projected lower limb length discrepancy of greater than 10 cm is a potential candidate In order to qualify for femoral lengthening, the hip must be stable, there must be good knee motion (preferably from full extension to 900 or more of flexion), and no angular or rotary deformities of the femur or knee joint If such deformities exist, they must be corrected prior to lengthening In the case of the tibia, the ankle must be stable, the foot must be plantigrade (or capable of being made so) and of acceptable size, and there should be no substantial angular or rotational deformities of the ankle.
Some shortened lower limbs respond better to lengthening than others The major determining factor is the etiology of the inequality Thus, acquired, shortenings caused by trauma, infection, or paralysis are more easily corrected than similar degrees of discrepancy resulting from congenital or developmental causes The importance of this observation is twofold First, when attempting to elongate a shortened limb due to congenital or developmental causes, the procedure is fraught with more problems and complications than in shortening due to acquired factors. Conceptually, in the congenital or developmental form, the surgeon attempts to lengthen a limb that was never "intended" to be of normal length; whereas in acquired shortening, the surgeon attempts to restore the shortened limb to its "intended" length l 9 l Whether or not this philosophical explanation is valid is really unimportant; the fact remains that the difference in response to treatment of the two types is often striking and must be given strong consideration when contemplating equalization The second value of this observed difference is that the patients and the parents, as well as the surgeon, can be better prepared for whatever problems or complications occur.
Technical Details
These are secondary only to the issues that surround the indications, because inadequate knowledge about the pitfalls that can be encountered during either tibial or femoral lengthening spells potential disaster and failure The principles of diaphyseal lengthening of either bone are similar Two pins transfix the proximal fragment and two pins transfix the distal fragment Exactly midway between the two sets of pins a transverse osteotomy is made, and the fragments are distracted at a specific daily rate until the desired increased bone length is achieved Woven throughout this simple concept, however, are a multitude of details which require meticulous attention.
Tibial Lengthening
One must first convert the ankle mortise into a solid unit This can be accomplished either at the mid-shaft level, or at the site of my preference; namely, just above the distal tibial physis (Fig 1) A single transfixion screw placed across the fibula into the tibia is adequate The fibula is then osteotomized obliquely just above this transfixion screw Then, in all cases of developmental (congenital) shortening of the tibia, I prophylactically decompress the peroneal nerve about the fibular neck and the shelving edge of the biceps femoris tendon This avoids any potential nerve compression during distraction (Wagner, personal communication 1978) Finally, an open osteotomy of the tibia is made exactly midway between the two sets of distraction pins; at the same time, the anterior compartment fascia is released in anticipation of possible development of a compartment syndrome during elongation In recent years, I have also routinely circumferentially sectioned the tibial periosteum and the interosseous membrane at the time of osteotomy Since then, I have observed a substantial reduction in discomfort experienced by the patient during the lengthening Wound closure deserves special emphasis, because in the majority of instances, plating and bone grafting, which is almost always necessary once maximum lengthening is achieved, is done through the previous incision Therefore, all wounds must be healed, clean, and dry Avoidance of suture material that provokes any skin or subcutaneous reaction is essential.
Lengthening usually begins on the 2nd or 3rd day postoperatively, although at surgery at least 1 cm of lengthening can usually be achieved in each bone without concern about knee joint motion, ankle joint equinus, or neurovascular compromise Thereafter, the tibia is lengthened at the rate of 1 6 mm per day (one turn on the Wagner apparatus) until the plan-ned length is achieved During tibial lengthening, at least 20 °o f ankle motion (in any range) must be achieved daily (Wagner, personal communication 1978) This may require extraordinary efforts on the part of the patient and the physical therapist, but it is essential in order to avoid restricted ankle motion In some, it may become necessary to interrupt lengthening for a day or so until one achieves this degree of incision that reaches the femur directly anterior to the lateral intermuscular septum This incision allows easy access to the femur, the intermuscular septum can be thoroughly excised, and subsequent plating and grafting is facilitated ankle motion Clearly, the neurovascular function of the foot and ankle must be assessed several times daily The blood pressure must be monitored at least four times a day, because in some instances the systolic and diastolic pressure become significantly ele- h Solid union of the lengthened femur is seen in this roentgenogram i The tibia and the fibula have solidly united The lag screw had been employed to internally fix the transfixed patellar tendon insertion j Four years after simultaneous lengthening of the right femur and tibia, and 1 year following subtrochanteric femoral shortening on the left, the limbs are equal as measured from the iliac crests to the floor Although the orthoroentgenogram does not support that clinical observation, the fact that the pelvis is larger (pelvic osteotomy) explains the discrepancy vated during lengthening The explanation for this usually transient hypertension remains obscure, but whenever diastolic pressures exceeds 90-95 mm Hg, lengthening must be temporarily halted I have not had any instances where hypertension required complete cessation of the lengthening.
Femoral Lengthening
There are some specific and important considerations involved with femoral lengthening First of all, there is only one bone, and the fascial compartments and the neurovascular structures are much less complicated compared to those associated with the tibia and fibula However, two critical issues surface; hip stability and the stability and motion of the knee joint. The hip joint must be stable because tremendous forces are exerted across the hip, and any potential instability of the hip may well result in subluxation or dislocation (Fig 2) The same pertains to the knee If the knee is unstable, as it often is in patients with a congenitally short femur, or if there is substantial knee stiffness, then posterior subluxation of the tibia on the femur may occur in the former instance, or greater stiffness in the latter.
Following placement of the two sets of distraction pins, one high in the subtrochanteric area and the other in the supracondylar area of the femur just above the physis, a posterolateral thigh incision is made (Fig 3) The femur is approached through the lateral intermuscular septum, posterior to the vastus lateralis muscle, and this septum plus the fascia lata must be thoroughly incised After the pin placement, the lateral retinaculum of the knee joint is completely released through the incision made for placement of the distal femoral pin The knee joint must then be carried through a complete range of motion This breaks up any adhesions of the pins to the vastus lateralis and extensor retinaculum, and avoids restriction of knee flexion or extension during lengthening.
The transverse osteotomy is made in the femur exactly midway between the two sets of pins, and severance of any remaining portions of intermuscular septum and periosteum is then completed There is nearly always a large perforating branch of the profunda femoris artery at this level, and extreme care is essential to avoid vessel injury, possibly resulting in substantial blood loss In some situations, I have left the posterior periosteum intact when that vessel is large and lies close to the line of periosteal incision. At surgery, the fragments can usually be distracted 1 cm The same program of lengthening is followed as described for tibial lengthening The important additional factors to monitor during femoral lengthening are hip stability and knee motion Knee motion must not go below 10 °o f extension and 60 °o f flexion, which must be achieved daily (if the range existed before lengthening) Blood pressure and the neurovascular status of the limb must be assessed several times daily.
Tibial lengthening should be accomplished first, simply because a sterile tourniquet makes the surgery much easier Clearly, one cannot effectively use such a tourniquet if the femur has been operated upon first because of the presence of the distraction device. In all instances of combined simultaneous femoral and tibial lengthening, routine plating and bone grafting have been done to achieve stability and promote bridging of the distracted bone segments This is accomplished at the same operation, but usually it involves two separate preps and drapes, since it is easier to plate the femur in the prone position and the tibia in the supine position The reverse sequence is followed; the femur is grafted and plated first, followed by the tibia Usually sufficient graft material for both bones can be obtained from the posterior crest of the ilium.
Case 1
T.G was born on October 10, 1967 Shortly after birth, because of a major limb length inequality due to shortening of the right femur, an orthopedist recommended Syme amputation with prosthetic fitting when she reached walking (Fig 4 a) . This was rejected by the parents, and at age 3 she underwent valgus osteotomy of the proximal femur to correct a varus deformity at the subtrochanteric level At that time, the lower limb length discrepancy was approximately 3 in ( 7 5 cm) The hip wound became infected, and the plate was removed At age 4, repeat valgus osteotomy was performed She continued walking with a grotesque lift on her shoe, and at age 12 (Fig 4 b) , she had a limb length discrepancy of 6 in ( 15 7 cm) and desired equalization by lengthening rather than by amputation, which had again been recommended.
Based upon the strong feeling of the parents and the child to preserve the limb at all costs, I proposed simultaneous femoral and tibial lengthening However, because of acetabular obliquity (Fig 4 c) , it was essential that hip stability be achieved prior to performing any lengthening Thus, on March 5, 1980, a right innominate osteotomy was performed at the same time the femoral internal fixation device was removed (Fig 4 d) The pelvic osteotomy gained approximately 1 5 cm of length Once she had recovered from the osteotomy and was fully ambulatory with a solid union, simultaneous femoral and tibial lengthening of the right lower limb was performed, on July 16, 1980 A fasciotomy of the anterior compartment was performed, but the peroneal nerve was not decompressed. Approximately 3 weeks postoperatively, she gradually developed a right peroneal nerve palsy which necessitated decompression The peroneal nerve was constricted around the neck of the fibula and under the shelving edge of the biceps At the time of decompression, the normal appearance of the nerve returned, and she experienced a prompt return of peroneal nerve sensory and motor function. The femur and tibia were lengthened simultaneously, 1.6 mm per day; however, surgery on the peroneal nerve delayed the elongation for a few days During the entire process, ankle motion was maintained at about 20 °T here was difficulty in regaining full knee extension, although knee flexion was possible to 900 throughout.
Six weeks following the initial lengthening, the lengthened sites were bone-grafted and plated and percutaneous Achilles tendon lengthening was accomplished Actual intraoperative measurements of length gained showed 5 6 cm in the femur and 5 cm in the tibia (Fig 4 e,f) .
She was contained in a below-knee plaster cast because of the Achilles tendon lengthening for 4 weeks, while vigorous outpatient physical therapy was carried out to try and gain knee extension At this time, we recognized lateral displacement of the patella which prevented passive as well as active extension (Fig 4 g ) In the lateral roentgenogram, there was also some posterior tibial subluxation on the femur.
Because of these findings and her failure to respond to vigorous physical therapy, posterior release of the hamstring tendons and posterior capsulotomy of the knee joint were performed, achieving almost full extension Six weeks later, during realignment of the patellar mechanism, it was noted that the patella was tightly adherent to the lateral condyle of the femur.
Fourteen months after the original lengthening, she had regained full, active knee flexion and extension with good quadriceps strength She had strong dorsiflexion of the foot and toes and good plantar flexion with 70 % range of ankle and foot motions The lengthened side remained 3 cm short.
Roentgenograms 22 months after lengthening showed union of the femur and tibia, sufficiently strong to permit weight-bearing (Fig 4 h,i ) She gradually increased weightbearing until 7 months later, when she discontinued all external appliances.
Because of her desire to have equal limbs, she requested that a femoral shortening be accomplished on her long side. Therefore, on June 2, 1983, she underwent subtrochanteric femoral shortening of 3 cm on the long side This procedure equalized her limb length exactly (Fig 4 j) She now walks with a mild limp, but has equal limb lengths.
Case 2
C.K was first observed at age 3-5 years to walk with a limp. Ollier's enchondromatosis was diagnosed and predominantly involved the right lower limb At 9 years and 3 months of age, she had a lower limb length inequality of 10 cm (Fig 5 a) Her discrepancy was projected to ultimately reach 15 cm or more. After due deliberation, it was agreed that she undergo simultaneous femoral and tibial lengthening, followed at the appropriate time by an epiphyseal arrest of the distal femur and possibly the proximal tibia of the long side.
On April 5, 1981, she underwent a Wagner type lengthening of the right tibia and the right femur At the initial surgery, 5 mm of length were gained in both the femur and the tibia.
Postoperatively, both bones were distracted daily 1 6 mm until 5 cm of length were gained in both the femur and tibia, resulting in a total gain of 10 cm (Fig Sb, c) During the process, the patient received daily intensive physical therapy to maintain both ankle and knee motion On two or three occasions, a delay of 1 or 2 days in lengthening was necessary because of lack of ankle motion; however, by May 11, 1981, the planned degree of lengthening of both bones was achieved and both underwent plating and bone grafting Grafts were obtained from the posterior portion of the ilium during the prone position utilized for plating and grafting of the femur and from the anterior crest of the ilium during the supine position utilized for plating and grafting of the tibia Each of these operations was performed under the same anesthesia but under separate preps and drapes.
She continued with a program of physical therapy to attain greater range of knee and ankle motion, but continued to have a 25 °-30 °e quinus deformity, although she had an ankle range of motion of 20 °B ecause of this, a heel cord lengthening was accomplished in September 1981.
She gradually consolidated the tibia and the femur and began partial weight-bearing on the lower limb (Fig 5 d,e) .
She demonstrated active ankle dorsiflexion above a right angle and had normal knee motion On December 1, 1982, she was fully ambulatory without aids We removed every other screw in the plates and loosened alternate screws At that time, she had developed an approximately 2-cm limb length inequality, with the right unaffected limb being longer than the affected limb She was, however, equalized at the conclusion of the initial lengthening Her projected discrepancy at maturity, based upon her growth inhibition studies, was approximately 4 cm; thus, on July 15, 1983, an arrest of both the distal femur and the proximal tibial and fibular physes was accomplished. Reasonably equal lengths of the lower limbs should ultimately be achieved at maturity.
